This article uses panel data gathered in 2001 and, 2005 
3 (Bijker, 1995; Drori & Jang, 2003; Wajcman, 1991; Wilson, 2002) . Rather than acting as a medium that women researchers use to alter their research careers, preexisting gender disparities may be modeled onto ICT use, reinforcing and deepening inequalities, particularly in resource-poor environments in which a technology may not be widely available.
Tracking the Gender Digital Divide: Are Women Closing the Technological Gap?
Early accounts of the digital divide-a term generally used to describe the cross-national disparity in access to and use of new technologies but which has also been used in reference to within country divisions historically stratified along gender, race, and class lines-examined issues related to adoption of new technologies along a dichotomy of access vs. no-access and adopters vs. non-adopters (Drori & Jang, 2003; Haan, 2004; Hargittai, 2002; IDREF1; Ynalvez et al., 2005) . Based on this characterization of the digital divide, the evidence pointed not only to geographic disparities, with low-income areas consistently reporting smaller levels of ICT penetration than more developed areas, but also to women consistently reporting lower adoption rates and less access to technology than their male counterparts (Bimber, 2000; Gill et al., 2010; Huyer et al., 2005) . In recent years, the global digital divide seems to have narrowed somewhat (although there continues to be a stark contrast between many sub-Saharan African countries and more developed areas), and some predict the gender divide will follow a similar pattern (Bimber, 2000; Liff & Shepherd, 2004; Zainudeen et al., 2010). i According to the 'mirror hypothesis,' as a technology penetrates deeper within a given context, it becomes cheaper and easier to use. While men tend to be earlier adopters of most technologies, given time, women and men may begin to report similar patterns of email and Internet use. Indeed, a number of studies suggest the disparity between women and men in technology access has virtually disappeared (Liff & Shepherd, 2004; IDREF1; Ono & Zavodny, 2003) . IDREF1, using data gathered on scientists in Africa and India, found that researchers reported increased access to email and personal computers, such that what was once a significant gap between women and men had disappeared by the early years of the twenty-first century.
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The validity of the mirror hypothesis, however, is not uncontested. A number of studies document a persistent gender divide even in locations with high penetration of various technologies. Employing data gathered in eight African countries, Huyer et. al. (2005) investigated gender disparities in mobile phone use. Rather than a negative, linear relationship between mobile phone diffusion and the gender digital divide, they noted a u-shaped pattern in which high gender disparities existed in those locations where mobile phone penetration was low, began to decline as penetration increased, but rose again in those locations with the highest mobile phone penetration.
Other studies note distinctly different ICT use patterns in terms of how intensely women and men use the internet and the types of activities they engage in while online (Boneva & Kraut, 2002; Howard et al., 2002; Huyer et al., 2005; Smoreda & Licoppe, 2000) . According to these accounts, men are more likely to use the internet as an information tool, researching or reading the news, and women are more likely to use the internet as a communication tool. Based on data from a number of European countries, the United States, Canada, and South Korea, Huyer et al. (2005) found men use the Internet more than women for most types of activities, and they spend more time accessing the internet than women.
Notably, the one area of technology use where gender differences either do not exist or in which women emerge as more technologically oriented, is in terms of email use. Many of these studies suggest women are more frequent users of email, employing the technology to maintain personal relationships with family and friends (Bimber, 2000; Boneva & Kraut, 2002; Jackson et al., 2001 ). Other studies note that women and men actually use email for similar purposes and with a similar degree of intensity such that no gender disparities exist in this area of technology use. As these studies make clear, it is not enough to simply assume that with the spread of technology, gender disparities will disappear. Instead, the technology itself, contextual factors, and cultural differences must also be examined.
In addition to gender, age, education, family structure, travel experiences, employment status, and ease of use also act to structure women and men's experiences with technologies. The age and education gap in the use of new technologies emerges as a persistent trend with use of technologies declining as one ages, but increasing with 5 one's level of education (Haan, 2004; Hargittai, 2002; Howard et al., 2002; Katz & Rice, 2004; Nie and Erbring, 2000; Rice and Katz, 2003) . Cultural norms regarding gendered behavior may limit women's use of technologies by restricting their travel patterns, exposure to new technologies, and use of public terminals as well as imposing constraints on women's time due to domestic responsibilities (Gill et al., 2010; Hafkin and Taggart, 2001; IDREF1; Palackal et al., 2006) . In addition, the degree to which one perceives a technology to be available is linked with affective factors related to skill, comfort and anxiety levels (Haan, 2004; Mohsin, 2000; Venkatesh et. al., 2003) . The easier it is to use a technology, the more likely a person is to use it, and the more likely he/she is to continue to use it.
While pointing to potential gender differences, the available data assessing the gendered digital divide are problematic for a number of reasons. First, due to the rapidly changing nature of ICTs, it is essential that more recent, longitudinal data be gathered. Is the gendered digital divide decreasing as the cross-national divide narrows? Second, the empirical evidence assessing the digital divide is often based on cross-national, composite indexes (Huyer et al., 2005; Gill et al., 2010) . While informative in placing countries in relationship to one another in a global technological hierarchy, these data prohibit an examination of gender disparities in ICT access and use.
Finally, most of the empirical literature assessing the gendered digital divide stem from a more developed context. The evidence that is available from low-income areas is frequently based on rural women, the poor, or women working in the informal sector.
Few studies have been done on the way in which women researchers use technology.
Although there is a wealth of literature suggesting women and men use technologies in ways consistent with gender role expectations, researchers ostensibly have more incentive and opportunity to use ICTs for similar purposes. Do women and men researchers display distinctly different patterns of resource use than the general population?
In the following sections, we examine the nature of the gendered digital divide in Ghana, Kenya, and Kerala, India. We begin with a brief discussion of the three research locations before moving on to discuss the panel data and the three dimensions of ICT use examined in the multivariate analysis. To adequately address the changing nature of the 6 gendered digital divide, we assess not simply access to or adoption of technology but also the intensity of use and the type of activities engaged in while online using two methods (Brown, 2008; Liff & Shepherd, 2004; Shih & Venkatesh, 2004; Ynalvez et al., 2005) .
First, we analyze the bivariate association between gender and various measures of technology use at times one and two using chi-square and t-tests. Second, we examine the multivariate relationship between various dimensions of the research career, gender, and technology use. We end with a discussion of future research possibilities.
Context and Method
The countries included in this study were originally selected in 1994 to represent varying levels of social and economic development.
ii Ghana, representing a low level of development, was the first country in Sub-Saharan Africa to attain independence in 1957.
Many expected Ghana to emerge as a leader on the path towards post-independence development. Following an economic crisis in the 1970s, however, much of the initial optimism waned. As measured by agricultural research and development spending and the number of staff employed in the countries research institutions, the countries research sector has strengthened in the last ten years. Not only has Ghana's agricultural research and development spending more than doubled, but the staff working at the research institutions in Ghana has also increased. More significantly in terms of our interests, the number of women staff has also increased over the same time period While the countries agricultural research and development spending has fluctuated since 7 the early nineties, in recent years the number of employed researchers, and women researchers in particular, has increased PhD degrees held by agricultural research staff in low-income areas, but it also ranks fourth in its agricultural investments in the world (Beintema et al., 2008) . To measure the gendered digital divide, we assess three aspects of internet and email use: 1) diversity of technology use, 2) intensity of technology use, and 3) experience using technology. The first component, diversity of use, is a measure of the types of activities engaged in while using email or the web. We measure diversity of internet use by employing two scales for email and web practice (Ynalvez et al., 2005) .
Email diversity is comprised of six dichotomous variables (1 = yes; 0 = no) measuring whether or not the researchers have: 1) been a member of a discussion group concerned with science and technology issues, 2) sent a message to a discussion group concerned with science and technology issues, 3) discussed research with someone in the United
States, Europe or another developed country, 4) started a professional relationship with someone they met on the Internet, 5) discussed proposals with a funding agency, and 6) submitted or reviewed manuscripts for journals. Diversity can range from no diversity in use -a score of zero -to maximum diversity of use -a score of six.
Web use diversity is measured by scaling thirteen dichotomous variables (1 = yes; 0 = no) measuring whether or not respondents have: 1) ordered a product or service for their research, 2) created a web page, 3) conducted an information search, 4) used an electronic journal, 5) acquired or used data from the web, 6) collaborated on a scientific project, 7) found and examined reference materials, 8) accessed research reports or scientific papers, 9) participated in online chat groups, 10) used online job listings, 11) used online maps, 12) downloaded software, and 13) published a paper on the web. Web use diversity can range from no diversity -a score of zero -to maximum diversity -a score of 13.
The second component of technology use measures the amount of time spent using email and the web with two ordinal variables. The first variable assesses the number of hours spent sending and receiving email messages in a typical week, and the second variable assesses the number of hours spent using the web in a typical week (0 = no use, 1 = a low number of hours, 2 = a medium number of hours, and 3 = high number of hours). The final dimension of technology use is a measure of email and web experience. Two interval variables reflecting the number of years researchers have used these technologies are examined.
Our primary independent variable of interest is gender (0 = women, 1 = men). We also measure six additional dimensions including age, human capital, family structure, localism, context, and technological antecedents. Human capital is measured using one In the multivariate models, we use ordinary least square regression to examine whether or not gender disparities persist after other factors are controlled. To model changes over time we use the static score approach, also known as the conditional change model. In this model, the time two dependent variables are regressed on the time one values of the independent and dependent variables (Allison, 2005; Finkel, 1995) . We use the conditional change model rather than the first difference model (which uses a series of change scores for the independent and dependent variables). There are a number of reasons for this design.
First, use of the first difference or unconditional change score model does not include the lagged dependent variable as a predictor of the time two outcome. If it is assumed that the time one value of the dependent variable has some causal relationship with the time two value of the dependent variable, including the lagged dependent variable is appropriate (Allison and Long, 1990; Finkel, 1995) . In addition, the alleged benefit of using the unconditional change score model (i.e. time invariant predictors, such as gender, need not be included because they are implicitly controlled) is problematic if one's primary interest is in predicting the relationship between such time-invariant predictors as gender, country of origin, and organizational context and technological behavior. While the effect of these variables is indirectly controlled, one is unable to directly assess their importance in the model. For these reasons, we employ a model in which Y t is predicted using the lagged value Y t-1 and a series of X t-1 independent variables. Table 1 reports the gender differences in wave one on country, sector, and field of employment. vi Due to the lack of change over the five-year period on these measures, Table 1 does not include the gender differences on the time two values of these variables.
The majority of the women in our sample are from Kerala (57.9 percent), while the 11 largest number of men are from Kenya (38.8 percent) . Women are more likely to be employed within a biotechnology field (43.3%) and in a university setting (65.3%). A slight majority of men are also employed within the university setting (52.5%), with the largest number working in a biotechnology field (27.7%). However, men are more evenly dispersed across fields and sectors. Table 2 reports the gender differences in wave one and wave two on the independent variables included in the multivariate analysis. According to Table 2 , women are younger than men by approximately two years (row one). Women are also less likely to be married and when married, are more likely to report a spouse who is also a researcher, and are more likely to have fewer children (rows two through four) than men. No women report a husband who stays at home, while close to 20% of men in both waves report a stay-at-home spouse. The evidence regarding family structure is consistent with research based in a more developed context noting that women researchers are more likely to postpone family formation. Women and men are equal, however, in their possession of Table 3 addresses the gender disparity in access to and use of personal computers, the web, and email using chi-square and independent samples t-tests. Table 4A and 4B address the nature of the gender digital divide over time, using paired samples t-test and the McNemar Test of Symmetry. According to the results in Table 3 , the only measures on which gender differences do not emerge are those corresponding to what might be considered the 'early' stages of the digital divide measured in terms of access. Regardless of wave, women and men report similar levels of access to personal computers at work (row 1) and they are equally likely to have ever used the web (row 2). By wave two of the 13 study the gender differences in those who identify as a current user of email also disappear (row 6).
Results and Discussion
The significance behind the digital divide, however, is not solely measured in terms of access to technologies. Instead, as a technology diffuses, resource use becomes a better indicator of gender disparities. When analyzing email and web use experience and the diversity and intensity of email and web use, clear differences become evident. A fairly stable pattern of gender differences emerges across the two waves, with men emerging as more technologically oriented than women on the majority of the measures examined. In both waves, men have more experience using email and the web, they do a wider variety of activities online and while using email, and they spend more time using email (both waves) and the web (wave two). Significant differences for variables proceeded by a % were tested using a chi-square test. All other variables were test using an independent samples t-test. 3 Diversity of web use is a 13-point scale measuring the types of activities engaged in while online. A score of 0 indicates no diversity of web use, while a score of 13 indicates maximum diversity of web use. 4 Intensity of web and email use are measures of the number of hours spent using the web or email in a typical week. Values can range from an ordinal variable ranging from 0 = none, 1 = low, 2 = medium, 3 = high. 5 Web and email use experience are measures of the number of years a respondents has used the two technologies. 6 Diversity of email use is a six point scale measuring the types of activities one engages in while using email. A score of 0 indicates no diversity of email use, while a score of 6 indicates maximum diversity of email use.
Men adopt the web approximately one year earlier than women, and they adopt email approximately a year and a half earlier than women (rows five and nine). In wave one, men's web use diversity score was 4.42 out of a possible score of 13, compared to a web use diversity score of 3.29 for women. By wave two, women's web use is more diverse (6.03) but continues to be less than men's (7.12). A similar trend emerges on the gender differences in email activities. Men in both waves engage in more email activities than women. Out of a possible score of six -one being the least amount of email activity, six being the most -men have a score of 2.35 in wave one and 3.05 in wave two compared to 1.79 for women in wave one and 2.56 in wave two. Regardless of the wave or the technology, men are consistently engaged in more online activities than women.
Men also use the web and email more intensely as measured by the time spent with the technologies. Indeed, the gender disparity on web use intensity, while not significant in wave one, becomes so by wave two (1.16 for men in wave one compared to .97 for women and 2.01 for men in wave two compared to 1.73 for women). The gender differences in intensity of email use remains consistent across both waves. Men use email more intensely than women (1.55 compared to 1.09 for women in wave one, and 1.96 compared to 1.65 for women in wave two).
While the gender differences remain across waves, Table 4 makes clear that there have been significant changes in both women and men's technological access and use from wave one to wave two. On every measure of technology examined, women and men both report significant increases in access, experience, diversity and intensity of technology use. In other words, regardless of gender, researchers in Ghana, Kenya and Kerala live and work in a more technologically saturated environment (rows one through six in 4A and rows one through three in 4B). Men (N=409)*** Never used the web to used the web Used the web to never used the web Used the web to used the web Never used the web to never used the web Women (N=113)*** Never used the web to used the web Used the web to never used the web Used the web to used the web Never used the web to never used the web Email Measures 3. %Currently using email: Men (N=421)** Not currently using to currently using Currently using to not currently using Currently using to currently using Not currently using to not currently using Women (N=121)*** Not currently using to currently using Currently using to not currently using Currently using to currently using Not currently using to not currently using 20.0% (84) 1.4% (6) 74.6% (314) 4.0% (17) 14.3% (17) 1.7% (2) 79.8% (95) 4.2% (5) 23.5% (97) Tables 5 and 6 , we present the results of the multivariate analyses predicting 1) the intensity and extent of web and email use, and 2) email and web use experience. The third pattern of ICT behavior relates to the dimension measuring technological antecedents. In all but two of the six multivariate models, the location of one's personal computer is a significant predictor of technological behavior. Consistently having the physical hardware to access the Internet in one's personal office is significantly related to the diversity (b = 0.471) and intensity of email use (b = 0.288). Those researchers with such access use email for a larger variety of activities and for Our results demonstrate deeper penetration of the internet and email over the period examined. However, there remains a persistent divide in technological behavior between women and men. Consistent with previous studies, our bivariate analyses make clear the gender digital divide among researchers is no longer marked by access to personal computers, email, and the web (IDREF1). Women and men are equally likely to report having access to various technologies. Given the extent of Internet diffusion, a more accurate depiction of the digital divide is of a continuum ranging from those with no access and low skill, to those who are the most frequent, intense and skilled users (DiMaggio et. al., 2001; Miyata, 2002; Warschauer, 2003) . Indeed, extending the analysis of the gender digital divide beyond access reveals that men are more technologically oriented than women in terms of their email and web experience, the intensity with which they use email and the web, and the types of activities engaged in while using those technologies.
Even after controlling for other factors, gender disparities remain, with two exceptions. In the multivariate models, gender is not a significant predictor of adoption of either email or the web, nor is gender related to the types of activities engaged in while using email. Researchers, regardless of gender, have a vested interest in using ICTs and so adopt the technologies around the same time. The lack of significant difference in email use, furthermore, may actually be consistent with research on gender differences in email coming out of the United States and Canada. Men tend to use the internet (whether through their use of the web or email) for a wider variety of reasons, while women tend to use online activities for more restricted purposes, primarily relationship maintenance through communication technologies.
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Men do use email and the web more intensely than women, and while on online, they are engaged in more activities from publishing a paper, to accessing an electronic journal. Women's web and email use may be less intense due in part to familial and institutional constraints limiting women's free time to use technologies more intensely, which may also be associated with developing the skills to use technology for a wider variety of activities. It should be reiterated that women's intensity and diversity of use has increased, so while they continue to lag behind men, it is within the context of greater use.
In addition to gender, we also controlled for age, education, family structure, A final pattern to emerge from our multivariate analyses is related to those reporting access to a personal computer in their private office. This measure is an especially strong indicator of the intensity and diversity of email use as well as the number of years one has spent using the web and email. Having a PC in one's own office means one either does not share with other people or that one shares with a smaller number of co-workers, thus providing greater opportunities. This allows more diverse use of email and less social pressure to be expedient than is associated with public terminals.
The results of our analyses, while important, should be interpreted with some caution. First, the use of qualitative interviews would provide more insight into the patterns noted here. The quantitative analysis employed in this article is limited in revealing motivations for and restrictions to women's use of email and the web. In addition, inter-country differences are difficult to detect in a multivariate analysis given the small sample size of women researchers.
Second, the scale we have used to measure email diversity is also limited. While we have included six measures of email activities, additional factors need to be accounted for when considering the way researchers use email. For example, we have measured whether or not women and men use email to discuss research with colleagues located in more economically developed areas. An email diversity scale might also include measures of whether or not respondents discussed research with local scientists. Altering the email diversity scale in this way might produce distinctly different results.
Conclusion
This article contributes to a growing body of empirical literature tracking the changing nature of the gender digital divide in low-income areas by employing longitudinal, quantitative data to examine access to and use of technology among researchers in Ghana, Kenya, and Kerala, India (Best & Maier, 2007; Choudhury, 2009; Gill et al., 2010; Huyer et al., 2005; Zainudeen et al., 2010) . Our results raise a number of issues that should be addressed in future research.
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First, it is important to remember that the 'promises' and 'threats' of ICT operate within social structures, not separate from them (Fuchs, 2008 What needs to be examined is the extent to which gender disparities in access to and use of ICTs translate into significant differences in network structure and research productivity. If slower adoption within the research career has further consequences in terms of productivity, networking, and collaboration, current gender disparities on these measures may actually widen with time. With this in mind, the degree to which the digital divide exists between women and men may be a critical component to understanding the relative position of women to men within science. McNemar Chi-Square is significant, one can reject the assumption that the frequencies are homogenous. In other words, that there has been no significant change over time (Allison, 2005) . 6 We do not include field in the multivariate analysis due to previous findings that it is a relatively poor predictor of gender differences in this context.
